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POLYMETHYLALUMINOXANE PREPARATION, METHOD OF PRODUCING THE 
SAME, POLYMERIZATION CATALYST, AND POLYMERIZATION METHOD OF 

OLEFINS 

5 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a polymethylaluminoxane 
preparation used as a catalyst for polymerization of olefins, 
and a production method thereof, a polymerization catalyst 
10 using the polymethylaluminoxane preparation as a catalytic 
component, and a polymerization method of olefins. _ ^^^ss- 

2. Description of the Related Art 

Aluminoxane is a condensation product, generally prepared 
by a partial hydrolysis of an organic aluminum compound, and 

15 known to be useful as a promoter component that efficiently 

activates a transition metal compound which is a main catalyst. 
It is widely known that a polymethylaluminoxane preparation 
prepared by using trimethylaluminum as an organic aluminum 
compound, a raw material thereof, in particular, exhibits an 

20 excellent promoter performance. Examples can be found, for 

example, in (Patent document 1), (Patent document 2), (Patent 
document 3), (Patent document 4), (Patent document 5), (Patent 
document 6), and the like. 

Up to know, many proposals have been made regarding 

25 production of a polymethylaluminoxane preparation. A first 



exemplary proposal involves controlling reaction between water 
and trialkylaluminum using an inorganic salt having water of 
crystallization such as copper sulfate or aluminum sulfate. 
Examples of such proposal include (Patent document 7), (Patent 
document 8), (Patent document 9), and (Patent document 10). In 
these proposals, it is necessary to grind a solid inorganic 
salt into adequately fine particles in order to efficiently 
use the water of crystallization, and long reaction time is 
required. Furthermore, a large part of the generated 
polymethylaluminoxane preparation is adsorbed to the inorganic 
salt, so that the yield is greatly reduced. 

A second exemplary proposal for the production method of 
polymethylaluminoxane preparation involves adding water that 
is finely dispersed in an inert solvent, to trimethylaluminum 
dissolved and diluted in an inert solvent. Examples of such 
proposal include (Patent document 11), (Patent document 12), 
(Patent document 13), (Patent document 14), and (Patent 
document 15) . In the reaction between water and 
trimethylaluminum, however, since solid or gel is inevitably 
formed as one form of trimethylaluminum having excessively 
hydrolyzed, the reaction yield based on aluminum is decreased. 
Also found is an attempt to suppress generation of solids or 
gels by conducting hydrolysis in an extremely low 
concentration and controlling the degree of hydrolysis of 
trialkylaluminum relatively to low. However, such preparation 



method will lead significant decrease in generation efficiency 
of the polymethylaluminoxane preparation. 

T. Mole et al. have reported that a polymethylaluminoxane 
preparation can be obtained by thermal decomposition of an 
5 aluminum alkoxide compound that is generated by a reaction 
between trimethylaluminum and an oxygen-containing compound 
such as tertiary alcohols, ketones, and carboxylic acids. 
Examples of such report include (Non-patent document 1), (Non- 
patent document 2) , and (Non-patent document 3) . The 

10 methylaluminoxane preparation prepared in this manner is 

described in (Non-patent document 4) as being unsuited for a 
promoter of a transition metal complex which is a main 
catalyst for polymerization of olefins, and hence the above 
method was not recognized as a useful preparation method of 

15 polymethylaluminoxane . 

According to a description of (Patent document 7) by G. M, 
Smith et al., nonhydrolytic conversion of a precursor for 
polymethylaluminoxane formed by treating trialkylaluminum with 
an organic compound having a carbon-oxygen bond gives a 

20 polymethylaluminoxane preparation essentially containing no 
trimethylaluminum, and the polymethylaluminoxane preparation 
thus obtained is catalytically useful. The term "'nonhydrolytic 
conversion" normally means thermal decomposition reaction. It 
is also described that addition of a Lewis acid such as 

25 polymethylaluminoxane preparation promotes the thermal 



decomposition reaction and reduces the time required for the 
thermal decomposition. As the reports regarding this concept, 
(Patent document 16) and (Non-patent document 5) can be 
recited. (Non-patent document 5) discloses that, as a catalyst 
5 for thermal decomposition, polymethylaluminoxane preparation 
and aluminum chloride have excellent catalytic actions. 
However, when a nonhydrolytically prepared 
polymethylaluminoxane preparation is used as a catalytic 
component for polymerization of olefins, use of a halogen- 

10 containing alkyl aluminum such as aluminum chloride is a 
direct cause of decrease in polymerization activity. The 
approach of using a polymethylaluminoxane preparation as a 
catalyst for thermal decomposition imposes one of limitations 
in practical production of polymethylaluminoxane preparation. 

15 One problem lies in that due to trimethylaluminum essentially 
contained in a polymethylaluminoxane preparation as a raw 
material, when one determines a quantity ratio between 
trimethylaluminum and an oxygen-containing compound, some 
error occurs in the set value depending on the composition and 

20 amount of the added polymethylaluminoxane preparation. 

Therefore,... compounds that have been known heretofore as a 
catalyst for thermal decomposition are not favorable from the 
view point of industrial production of polymethylaluminoxane 
preparation . 

25 S. A. Sangokoya et al. report in (Patent document 17) 



that nonhyrolytic conversion of the above polymethyl 
aluminoxane precursor is promoted by adding a catalytic amount 
of water. This proposal solves a part of problem caused by 
addition of polymethylaluminoxane as a catalyst for thermal 
5 decomposition. However, if the added amount of water is excess 
in the case of adopting the nonhydrolytic preparation method 
of polymethylaluminoxane, gels are formed to lower the yield. 
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SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
polymethylaluminoxane preparation exhibiting excellent storage 



stability with a high yield, and to provide a method of 
producing a desirable olefinic polymer having excellent 
quality with high industrial efficiency and low costs using 
the polymethylaluminoxane preparation and a transition metal 
5 compound . 

Inventors of the present application diligently made 
researches for solving the problems of the conventional art, 
and found that the above object can be achieved by a 
polymethylaluminoxane preparation that is prepared by thermal 

10 decomposition of an alkylaluminum compound having an aluminum- 
oxygen-carbon bond prepared by a reaction between 
trimethylaluminum and a specific oxygen-containing organic 
compound, and finally accomplished the present invention. The 
present invention relates to the following subject matters. 

15 (1) A polymethylaluminoxane preparation generated by 

thermal decomposition of an alkylaluminum compound having an 
aluminum-oxygen-carbon bond, the alkylaluminum compound being 
generated by a reaction between trimethylaluminum and an 
oxygen-containing organic compound, wherein 

20 (i) the oxygen-containing organic compound reacting with 

trimethylaluminum is an aliphatic or aromatic carboxylic acid 
represented by the general formula (I)^ 
R^-(COOH)n (I) 

(wherein represents a hydrocarbon group of C1-C20 straight 
25 or branched alkyl groups, alkenyl groups or aryl groups, and n 



represents an integer of 1 to 5) ; 

(ii) a mole fraction of methyl groups originating from 
aluminoxane part, relative to the total moles of methyl group 
existing in the generated polymethylaluminoxane preparation i 
not more than 26 mol%; and 

(iii) the generated polymethylaluminoxane preparation h 
a viscosity of not more than 2.1 x 10"^ Pa«sec at 40^*0 . 

(2) The polymethylaluminoxane preparation according to 
the above item (1), wherein the oxygen-containing organic 
compound represented by the general formula (I) is benzoic 
acid. 

(3) The polymethylaluminoxane preparation according to 
the above item (1) , wherein the oxygen-containing organic 
compound represented by the general formula (I) is toluic ac 

(4) A method of producing a polymethylaluminoxane 
preparation having a mole fraction of methyl groups 
originating from aluminoxane part, relative to the total mole 
of methyl groups of not more than 26 mol% and a viscosity of 
not more than 2.1 x 10"^ Pa^sec at 40°C, the method comprising 
the steps of : 

causing trimethylaluminum to react with an oxygen- 
containing organic compound represented by the general formul 
(I) , 

R'-(COOH)n (1) 

(wherein represents a hydrocarbon group of C1-C20 straight 

8 



or branched alkyl groups, alkenyl groups or aryl groups, and n 
represents an integer of 1 to 5) to form an alkylaluminum 
compound having an aluminum-oxygen-carbon bond; and 

thermally decomposing the alkylaluminum compound, 
5 wherein a ratio between a mole number of 

trimethylaluminum and a mole number of oxygen in the oxygen- 
containing compound represented by the general formula (I) is 
in the range of 1.25 to 1.40 : 1. 

(5) The method of producing a polymethylaluminoxane 
10 preparation according to the above item (4), wherein the 

thermal decomposition is conducted in the absence of a Lewis 
acid compound in production of the polymethylaluminoxane 
preparation . 

(6) The method of producing a polymethylaluminoxane 
15 preparation according to the above item (4) or (5), wherein 

the oxygen-containing organic compound represented by the 
general formula (I) is benzoic acid. 

(7) The method of producing a polymethylaluminoxane 
preparation according to the above item (4) or (5), wherein 

20 the oxygen-containing organic compound represented by the 
general formula (I) is toluic acid. 

(8) A polymerization catalyst for olefins, comprising as 
catalytic components : 

a transition metal compound represented by the general 
25 formula (II) , 



mr^r^r'^r^ (II) 
(wherein M represents a transition metal element, and R^, R^ , 
R^, and R^ represent organic groups that form together a 
cycloalkadienyl backbone, such as an alkyl group, an alkoxy 
5 group, an aryloxy group, an alkylsilyl group, an alkylamide 

group, an alkylimide group, an alkylamino group, an alkylimino 
group, or a halogen atom) , and 

the polymethylaluminoxane preparation according to any 
one of the above items (1) to (3) . 
10 (9) A method of polymerizing olefins using the 

polymerization catalyst according to the above item (8). 

That is, the present invention relates to a 
polymethylaluminoxane preparation prepared by thermal 
decomposition of an alkylaluminum compound having an aluminum- 
15 oxygen-carbon bond, the alkylaluminum being prepared by a 
reaction between trimethylaluminum and a specific oxygen- 
containing organic compound, wherein the oxygen-containing 
organic compound is a carboxylic acid, and the prepared 
polymethylaluminoxane preparation solution has a viscosity of 
20 not more than 2.1 x 10~^ Pa«sec; a production method thereof; a 
polymerization catalyst for olefins comprising the 
polymethylaluminoxane preparation and a transition metal 
compound; and a polymerization method of olefins. 

The polymethylaluminoxane preparation of the present 
25 invention is easy to handle because of its low solution 

10 



viscosity, and can keep stability for a long term without 
necessity of refrigeration storage. The catalyst for olefin 
polymerization comprising the combination of the 
polymethylaluminoxane preparation of the invention and a 
transition metal compound exhibits high polymerization 
activity in a stable manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a ^H-NMR chart of a polymethylaluminoxane 
preparation according to the present invention; and 

Fig. 2 is a graph showing relationship between viscosity 
of polymethylaluminoxane preparation and days by which storage 
stability is kept. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The details of the present invention will be described 

below . 

A polymethylaluminoxane preparation of the present 
invention is a composition containing not only an objective 
polymethylaluminoxane but also trimethylaluminum which is an 
unreacted raw material (generally called 
''polymethylaluminoxane preparation") . 

It is assumed that polymethylaluminoxane in the present 
invention is a compound comprising a unit represented by the 
general formula (III) : 



-[(Me)Al-0]ni- (III) 
(wherein '^m" represents an integer from 1 to 60) . 
Polymethylaluminoxane in the present invention may be of a 
chain structure or a circular structure insofar as it 
5 comprises the above unit- 

Many of proposals that have been proposed for obtaining a 
polymethylaluminoxane preparation are based on hydrolysis. In 
such a case, recovery of aluminum will greatly decrease unless 
an aluminum concentration in a reaction liquid is made low and 
10 an amount of introduced water relative to a raw material, 
trimethylaluminum is made small. In addition, since 
trimethylaluminum does not act as a promoter for a transition 
metal complex such as metallocene catalyst, it is an important 
problem to control the amount of trimethylaluminum remaining 
15 in the polymethylaluminoxane preparation. 

Therefore, in most of the documents concerning production 
of a polymethylaluminoxane preparation by thermal 
decomposition of an aluminum compound having an aluminum- 
oxygen-carbon bond, emphasis was put on the possibility of 
20 obtaining the polymethylaluminoxane preparation at a 

quantitative reaction yield and the controllability of amount 
of trimethylaluminum in the polymethylaluminoxane preparation. 

However, since a polymethylaluminoxane preparation will 
self-associate and form gels which are insoluble in a solvent 
25 during storage, improvement in stability of 

12 



polymethylaluminoxane is also an important problem just like 
the content of trimethylaluminum and aluminum recovery. In 
general, the higher the concentration of the 

polymethylaluminoxane solution and the smaller the amount of 
5 trimethylaluminum in the polymethylaluminoxane preparation, 
the more likely the gels are formed. This phenomenon also 
depends on the storage temperature of the 

polymethylaluminoxane, and it is known than the lower the 
storage temperature, the longer the storage stability is 

10 maintained. 

Many descriptions concerning use application of an 
oxygen-containing compound are found in the conventional arts, 
however no information can be obtained about what kind of 
oxygen-containing compound can give a polymethylaluminoxane 

15 preparation having excellent storage stability. We assumed 
that there must be an oxygen-containing compound which is 
suited for a polymethylaluminoxane preparation having 
excellent long-term storage stability, and found that specific 
carboxylic acid compounds among a great number of oxygen- 

20 containing compounds can give a polymethylaluminoxane 
preparation having excellent storage stability. 

It is also shown in conventional arts that temperature at 
the time of thermal decomposition largely influences on the 
storage stability of a polymethylaluminoxane preparation. It 

25 is also described that a polymethylaluminoxane preparation 

13 



prepared at a low temperature has low solution viscosity, and 
is expected to have excellent storage stability. However, 
detailed examination about the relationship between solution 
viscosity and storage stability is not made in any 
5 conventional art. 

In the present invention, we found existence of a 
critical viscosity at which the storage stability specifically 
changes that is unexpectable from the prior-art documents 
between solution viscosity and storage stability when a 

10 specific oxygen-containing compound is used. 

Concretely, we prepared different polymethylaluminoxane 
preparations using carboxylic acid compounds under various 
conditions, and closely examined the relationship between 
solution viscosity and storage stability. From such 

15 examination, we found that solutions of polymethylaluminoxane 
preparations having a viscosity at 40°C of less than 2.1 x 10~' 
Pa»sec do not generate gels at room temperature in a period of 
about 90 days, and hence have excellent storage stability. 

If the solution viscosity exceeds 2.1 x 10"^ Pa*sec at 

20 40''C, deposition of gels is observed in several days, 
demonstrating that the storage stability of the 
polymethylaluminoxane preparation is significantly impaired. 

In conventional arts, there is a description that a 
polymethylaluminoxane preparation of solution state or solid 

25 state is useful as a catalyst for thermal decomposition of an 



alkylaluminum compound having an aluminum-oxygen-carbon bond, 
however no description about an adverse effect thereof can be 
found. We also found that by adding a polymethylaluminoxane 
preparation, the storage stability of the generated 
5 polymethylaluminoxane preparation is impaired. 

It is generally known that gelling of a 
polymethylaluminoxane preparation is dramatically accelerated 
when it is exposed to elevated temperatures of about more than 
100^'C. Accordingly, in order to obtain a polymethylaluminoxane 

10 preparation exhibiting high aluminum recovery and excellent 
storage stability, thermal decomposition should be completed 
at such a temperature and in such a period that will not cause 
formation of gels. 

From this point of view, we closely examined for a 

15 reaction system capable of completing the reaction in such a 
condition that will not cause formation of gels and not 
requiring addition of polymethylaluminoxane for increasing the 
reaction speed of thermal decomposition, and found that when a 
carboxylic acid compound is used as an oxygen-containing 

20 organic compound, generation of the polymethylaluminoxane 

proceeds at low temperature and in short time without addition 
of polymethylaluminoxane, and accomplished the present 
invention. 

The polymethylaluminoxane preparation prepared in this 
25 manner exerts high activity as a promoter for olefin 

15 



polymerization in the case when a homogenous polymerization 
catalyst is used and in the case where it is used as a solid 
catalyst supported on a microparticle carrier such as silica 
together with a transition metal catalyst. 
5 For the polymethylaluminoxane preparation of the present 

invention, any inert hydrocarbon compound can be used as a 
solvent. Examples of the inert hydrocarbon compound include 
saturated hydrocarbon compounds such as n-pentane, n-hexane, 
n-heptane, n-octane, isooctane, and purified kerosene; cyclic 

10 aliphatic hydrocarbon compounds such as cyclopentane, 
cyclohexane, methylcyclohexane, ethylcyclohexane, and 
cycloheptane; and aromatic hydrocarbon compounds such as 
benzene, toluene, ethylbenzene, o-xylene, m-xylene, and p- 
xylene. Among these compounds, n-hexane, n-heptane, n-octane, 

15 cyclohexane, methylcyclohexane, and toluene are preferred. 

An alkylaluminum compound having an aluminum-oxygen- 
carbon bond that gives polymethylaluminoxane through thermal 
decomposition is prepared by a reaction between 
trimethylaluminum and an oxygen-containing compound. The 

20 oxygen-containing compound used herein is a carboxylic acid 
compound having a COOH group as represented by the general 
formula (I). In preparation of polymethylaluminoxane, one or 
more than one such compound may be used. Concrete examples of 
the oxygen-containing compound represented by the general 

25 formula (I) include formic acid, acetic acid, propionic acid, 

16 



n-butyric acid, n-valeric acid, n-caproic acid, n-enanthic 
acid, n-caprylic acid, n-pelargonic acid, n-capric acid, n- 
lauric acid, n-myristic acid, n-stearic acid, oxalic acid, 
malonic acid, succinic acid, glutaric acid, adipic acid, 
5 pimelic acid, suberic acid, azelaic acid, sebacic acid, 
benzoic acid, phthalic acid, citric acid, tartaric acid, 
lactic acid, malic acid, and toluic acid. Among these, acetic 
acid, propionic acid, benzoic acid, phthalic acid, toluic acid, 
and malonic acid are preferred. 

10 A molar ratio between trimethylaluminum and oxygen atoms 

of an oxygen-containing organic compound used for synthesis of 
a polymethylaluminoxane preparation can be arbitrarily 
selected depending on the use application of the 
polymethylaluminoxane or for the purpose of controlling the 

15 remaining amount of trimethylaluminum. A molar ratio of 
trimethylaluminum to oxygen atoms of an oxygen-containing 
organic compound represented by the general formula (I) can be 
arbitrarily selected within the range of 0 . 5 to 3 . 0 : 1 . It is 
preferably in the range of 1.0 to 1.7 : 1, and more preferably 

20 in the range of 1.25 to 1.4 : 1. 

If the molar ratio between trimethylaluminum and oxygen 
atoms of an oxygen-containing organic compound is less than 
1.25, viscosity of the polymethylaluminoxane preparation 
increases to cause significant deterioration of storage 

25 stability. Contrarily, if the molar ratio between 



trimethylaluminum and oxygen atoms of an oxygen-containing 
organic compound is more than 1.40, storage stability is 
improved due to low viscosity of the polymethylaluminoxane 
preparation, however, functionality as a promoter for olefin 
5 polymerization is impaired due to significant decrease of 
olefin polymerization activity. 

If a molar fraction of methyl groups originating from 
aluminoxane part to the total molar number of methyl groups 
existing in a polymethylaluminum preparation obtained by 

10 thermal decomposition of trimethylaluminum and an oxygen- 
containing compound is more than 26 mol%, an activity in 
olefin polymerization using the polymethylaluminoxane 
preparation is impaired, and hence functionality as a promoter 
for olefin polymerization is impaired 

15 Thermal decomposition of an aluminum compound having an 

aluminum-oxygen-carbon bond which is a precursor of a 
polymethylaluminoxane preparation may be conducted at any 
temperature between -10 °C and 200''C. Preferably, the 
temperature is between 30 °C and 150 °C, and more preferably 

20 between 40°C and 80°C. 

It is known that the reaction speed of thermal 
decomposition of an aluminum compound having an aluminum- 
oxygen-carbon bond which is a precursor of a 

polymethylaluminoxane preparation is improved by addition of a 
25 Lewis acid. In general, polymethylaluminoxane that is prepared 



in advance is used. We examined about influence of added 
amount of polymethylaluminoxane as a catalyst of thermal 
decomposition, and found that the stability of the 
polymethylaluminoxane generated by thermal decomposition 
5 differs depending on the added amount of the 

polymethylaluminoxane- Then, we compared the case where 
polymethylaluminoxane that is hydrolytically synthesized by 
using water as an oxygen source is used as a catalyst for 
thermal decomposition with the case where 

10 polymethylaluminoxane that is prepared by thermal 

decomposition is used as a catalyst for thermal decomposition, 
and found that the stability of the polymethylaluminoxane 
significantly decrease when the polymethylaluminoxane prepared 
by thermal decomposition is used. The above findings imply 

15 that the polymethylaluminoxane catalyst added in preparing 
polymethylaluminoxane by thermal decomposition adversely 
affects on the stability of the generated 
polymethylaluminoxane . 

Further, since the polymethylaluminoxane that is 

20 conventionally used as a catalyst for thermal decomposition is 
exactly a composition which ' contains polymethylaluminoxane 
represented by the general formula (III) and trimethylaluminum 
which is an unreacted raw material, it is difficult to 
accurately determine the quantity ratio between an oxygen- 

25 containing compound and trimethylaluminum accurately. This 



also applies to the case where solid aluminoxane from which 
solvent is removed is used. 

As a Lewis acid compound that is conventionally used as a 
catalyst for thermal decomposition, compounds such as aluminum 
5 chloride can be exemplified, however, halogen containing 
compounds like aluminum chloride are not favorable in most 
situations where polymethylaluminoxane is used as a promoter 
of a polymerization catalyst of olefins because they lead 
decrease of the activity. 
10 From the above findings, it would be desirable to 

construct a reaction system not requiring use of any catalyst 
for thermal decomposition . 

Concentration of a polymethylaluminoxane preparation in 
an inert hydrocarbon solvent can be in the range of 6 to 40% 
15 by weight, preferably in the range of 6 to 30% by weight, and 
more preferably in the range of 20 to 25% by weight. 

The polymethylaluminoxane preparation of the present 
invention does not necessarily need a post treatment after 
reaction, however, low boiling point compounds such as 
20 residual trimethylaluminum existing in the solvent may be 

distilled off under reduced pressure for the purpose of, for 
example, adjustment of the aluminum concentration as necessary. 

In the polymethylaluminoxane preparation of the present 
invention, an appropriate amount of organic metal compound 
25 such as organic aluminum compound may be added during or after 

20 



reaction for the purpose of controlling Lewis acidity of the 
polymethylaluminoxane preparation, or further improving the 
storage stability or the solvent solubility. 

The organic aluminum compound added in an appropriate 
5 amount to the polymethylaluminoxane preparation of the preset 
invention can be represented by the following general formula 
(IV) : 

R%AlX3-p (IV) 

(wherein represents a hydrocarbon group such as a CI to C20 
10 straight or branched alkyl group, an alkenyl group or an aryl 
group, ^'X'' represents a hydrogen atom, a halogen atom, an 
alkoxy group, or an aryloxy group, and ^'p" is in the range of 
0 < p < 3) . 

Concrete examples of in the general formula (IV) 
15 include alkyl groups such as methyl group, ethyl group, propyl 
group, n-butyl group, isobutyl group, t-butyl group, amyl 
group, isoamyl group, n-hexyl group, isohexyl group, n-octyl 
group, and isooctyl group; and aryl groups such as phenyl 
group, tolyl group, and pentaf luorophenyl group. Concrete 
20 examples of ''X'' include halogen atoms such as fluorine, 

chlorine, bromine, and iodine; alkoxy groups such as methoxy 
group and ethoxy group; and aryloxy groups such as phenoxy 
group . 

Concrete examples of the organic aluminum compound 
25 include alkylaluminums such as trimethylaluminum, 

21 



triethylaluminum, tripropylaluminum, tri-n-butylaluminum, 
triisobutylaluminum, tri-n-hexylaluminum, and tri-n- 
octylaluminum; triarylaluminums such as triphenylaluminum, 
tritolylaluminum, and tris-pentaf luorophenylaluminum; and 
5 halogen-containing alkylaluminums such as dimethylaluminum 

chloride and diethylaluminum chloride. These trialkylaluminums 
may be used singly or in combination. The most preferred 
organic aluminum compounds and combinations to be added to the 
polymethylaluminoxane preparation are trimethylaluminum^ 

10 triisobutylaluminum, tri-n-hexylaluminum or tri-n- 
octylaluminum, and combinations thereof. 

Examples of the organic metal compound other than the 
organic aluminum compound that can be added to the 
polymethylaluminoxane of the present invention in an 

15 appropriate amount include boron compounds such as 

triethylboron and tris-pentaf luorophenyl boron; and zinc 
compounds such as diethyl zinc- 

The amount of the organic metal compound added to the 
polymethylaluminoxane preparation can be defined by metal 

20 molar quantity of the added organic metal compound, relative 
to the molar quantity of the aluminum in the 

polymethylaluminoxane preparation. In practice, an optimum 
amount of the organic metal compound is added depending on the 
solvent used for the polymerization, transition metal catalyst, 
25 polymerization method, and the like. It is generally known 
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that an organic metal compound added in a polymerization 
reaction will act as a chain transfer agent that influences on 
alkylation of transition metal catalyst^ reduction of 
transition metal catalyst, and molecular weight of a generated 
5 polymer. However, if too much organic metal compound is added, 
the amount of polymethylaluminoxane that activates the 
transition metal catalyst and suitably stabilizes the 
activated species is reduced, resulting in low activity when 
used in polymerization reaction. From these points of view, 

10 the ratio of the metal molar quantity of the added organic 

metal compound, relative to the molar quantity of the aluminum 
in the polymethylaluminoxane preparation is usually in the 
range of 10 : 0.05 to 10 : 5, and preferably in the range of 
10 : 0.05 to 10 : 3. 

15 The polymethylaluminoxane preparation according to the 

present invention contains trimethylaluminum existing therein 
as an unreacted raw material. In the present invention, the 
amounts of the polymethylaluminoxane and trimethylaluminum 
existing in the polymethylaluminoxane preparation are 

20 expressed by molar fractions of methyl group originating from 
the polymethylaluminoxane and the trimethylaluminum 
(abbreviated as lyie(PiyiAO) and Me(TMAL), respectively). 

These molar fractions in the polymethylaluminoxane 
preparation can be determined by ""^H-NMR analysis of the 

25 polymethylaluminoxane preparation from the area ratios 
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belonging to these components. The transition metal compounds 
are represented by, for example, the general formula (II) : 

MR^R^R'^R^ (II) 
(wherein M represents a transition metal element, and R^, R^, 
5 R^, and R^ represent organic groups that form together a 

cycloalkadienyl backbone, such as an alkyl group, an alkoxy 
group, an aryloxy group, an alkylsilyl group, an alkylamide 
group, an alkylimide group, alkylamino group, an alkylimino 
group, or a halogen atom) . 
10 As the ^^M" in the general formula (II) , titanium, 

zirconium, hafnium, chromium, vanadium, manganese, iron, 
cobalt, nickel and palladium are recited as concrete examples, 
with titanium, zirconium chromium, iron, and nickel being 
preferred. 

15 As a preferred transit metal compound in the general 

formula (II), a metallocene compound in which one or two 
ligands having a cycloalkadienyl backbone are coordinated can 
be exemplified. Examples of the ligand having a 
cycloalkadienyl backbone include alkyl-substituted 

20 cyclopentadienyl groups such as cyclopentadienyl group, 

methylcyclopentadienyl group, ethylcyclopentadienyl group, 
butyl cyclopentadienyl group, dimethylcyclopentadienyl group 
and pentamethylcyclopentadienyl group; indenyl group and 
fluorenyl group, and the cycloalkadienyl group may be bridged 

25 with a divalent substituted alkylene group, a substituted 
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silylene group, or the like. 

Examples of the ligand other than the ligand having a 
cycloalkadienyl backbone include hydrocarbon groups having 1 
to 20 carbons, alkoxy groups, aryloxy groups, alkylsilyl 
5 groups, an amino group, an imino group, halogen atoms, or a 

hydrogen atom. Examples of the hydrocarbon groups having 1 to 
20 carbons include alkyl groups, cycloalkyl groups, aryl 
groups and aralkyl groups. Concrete examples of the alkyl 
groups include methyl group, ethyl group, propyl group, 

10 isopropyl group, and butyl group; concrete examples of the 
cycloalkyl groups include cyclopentyl group and cyclohexyl 
group; concrete examples of the aryl groups include phenyl 
group and tolyl group; and concrete examples of the aralkyl 
groups include benzyl group. As the alkoxy groups, a methoxy 

15 group, an ethoxy group and a butoxy group are exemplified, and 
as the aryloxy groups, a phenoxy group can be exemplified. 
These groups may be substituted with, for example, a halogen 
atom. As the alkylsilyl groups, a trimethylsilyl group and a 
triethylsilyl group can be exemplified. As the halogen atoms, 

20 fluorine, chlorine, bromine, and iodine can be exemplified. 

Concrete examples of the transition metal compounds 
containing a ligand having a cycloalkadienyl backbone when the 
^"M" in the general formula (II) is zirconium will be listed 
below. Bis (cyclopentadienyl ) zirconium monochloride monohydride, 

25 bis (cyclopentadienyl) zirconium monobromide monohydride, 
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bis (cyclopentadienyl) methyl zirconium hydride, 
bis (cyclopentadienyl) ethylzirconium hydride, 
bis (cyclopentadienyl) phenylzirconium hydride, 
bis (cyclopentadienyl) benzylzirconium hydride, 
5 bis (cyclopentadienyl) neopentyl zirconium hydride, 

bis (methylcyclopentadienyl) zirconium monochloride hydride, 
bis ( indenyl) zirconium monochloride hydride, 
bis (cyclopentadienyl) zirconium dichloride, 
bis (cyclopentadienyl) zirconium dibromide, 

10 bis (cyclopentadienyl ) methylzirconium monochloride, 
bis (cyclopentadienyl) ethylzirconium monochloride, 
bis (cyclopentadienyl) cyclohexylzirconium monochloride, 
bis (cyclopentadienyl) phenylzirconium monochloride, 
bis (cyclopentadienyl) benzylzirconium monochloride, 

15 bis (methylcyclopentadienyl) zirconium dichloride, 

bis (dimethylcyclopentadienyl) zirconium dichloride, bis (1- 
butylcyclopentadienyl ) zirconium dichloride, 
bis (indenyl) zirconium dichloride, bis (indenyl) zirconium 
dibromide, bis (cyclopentadienyl) zirconium dimethyl, 

20 bis (cyclopentadienyl) zirconium diphenyl, 
bis (cyclopentadienyl) zirconium dibenzyl, 

bis (cyclopentadienyl ) zirconium monomethoxy monochloride, 
bis (cyclopentadienyl) zirconium monoethoxy monochloride, 
bis (methylcyclopentadienyl ) zirconium monoethoxy monochloride, 
25 bis (cyclopentadienyl) zirconium monophenoxy monochloride, and 
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bis (fluorenyl) zirconium dichloride. Concrete examples of the 
transition metal compounds will be listed below when the ''M'' 
in the general formula (II) is zirconium and the transit metal 
compound contains at least two ligands having a 

cycloalkadienyl backbone, the at least two ligands being bound 
via an alkylene group such as ethylene or propylene, via a 
substituted alkylene group such as isopropylidene or 
diphenylmethylene, via a silylene group or via a substituted 
silylene group such as dimethyl silylene: ethylene 
bis (indenyl) dimethylzirconium, ethylene 
bis (indenyl) diethylzirconium, ethylene 

bis (indenyl) diphenylzirconium, ethylene bis (indenyl) methyl 
zirconium monochloride, ethylene bis ( indenyl ) ethyl zirconium 
monochloride, ethylene bis ( indenyl) methyl zirconium 
monobromide, ethylene bis (indenyl) zirconium dichloride, and 
ethylene bis ( indenyl ) zirconium bromide. 

These transition metal compounds may be used singly or in 
combination of two or more kinds for the purpose of 
controlling the molecular weight distribution in conducting 
homogenous polymerization. In the case where a solid catalyst 
is prepared in advance, one kind of these transition metal 
compounds may be used, or two or more kinds may be used for 
the purpose of controlling the molecular weight distribution. 

As to the homogenous polymerization using the 
polymethylaluminoxane preparation of the present invention and 
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polymerization using a supported catalyst using the 
polymethylaluminoxane preparation of the present invention, 
suitable performances can be exerted in any polymerization 
forms, including solution polymerization using a solvent and 
5 bulk polymerization and vapor phase polymerization not using a 
solvent. A desirable performance is realized in both of 
continuous polymerization and batch polymerization, and 
hydrogen can be used as a molecular weight controller, if 
necessary. 

10 Monomers used in polymerization may be any compounds that 

can be used homopolymerization or copolymerization of olefinic 
monomers. Concrete examples of such monomers include a-olefins 
such as ethylene, propylene, 1-buthene, 1-pentene, 1-hexene, 
1-decene, 1-hexadecene, 1-octadecene, and 1-eicocene; halogen- 

15 substituted olefins such as bisf luoroethylene , 

trif luoroethylene, tetraf luoroethylene, and hexaf luoropropene; 
and cyclic olefins such as cyclopentene, cyclohexane, and 
norbornene. 

Kinetic viscosity of a polymethylaluminoxane preparation 
20 was measured in a temperature-controlled bath at 40°C under 
nitrogen atmosphere using a commercially available Ubbelohde 
viscometer. Specific gravity that is required in converting 
the kinetic viscosity into a viscosity was measured at 40°C 
using a density meter. 

25 
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EXAMPLES 

The present invention will be described in detail by way 
of working examples, however, the present invention is not 
limited to these working examples. Any reaction described 
below was conducted under nitrogen gas atmosphere and solvents 
were dewatered and degassed before use- 



[ Example 1] 

(1) Synthesis of polymethylaluminoxane preparation 

To a separable flask equipped with a stirrer having an 
inner volume of 2L, 240.8 g(3.34mol) of trimethylaluminum 
(hereinafter, abbreviated as TMAL) and 160.2 g of toluene were 
introduced. To this solution, 500.1 g of benzoic acid solution 
in toluene (benzoic acid: 0.49 mol) was slowly added at 26°C. 
Into this reaction mixture, 89.9 g (0.74mol) of benzoic acid 
in powder form was added at 26°C, and then allowed to mature 
under heating at 50°C for one hour. At this time, the molar 
ratio between TMAL and oxygen atoms of benzoic acid was 1.36 : 
1. The reaction mixture was heated at 80°C for 2 hours, and 
then heated at 80°C for additional 6.5 hours, to obtain a 
polymethylaluminoxane preparation solution in toluene. The 
resultant solution was transparent liquid not including gels. 
An Al analysis conducted after collection of the reaction 
liquid showed a quantitative reaction yield based on the Al 
atoms. Al concentration of the obtained reaction mixture was 



9.3 wt%. Me(TMAL) amount of the resultant 

polymethylaluminoxane preparation determined by the ^H-NMR was 
21.4 mol%. Viscosity of the polymethylaluminoxane solution 
measured by using an Ubbelohde viscometer was 1.71 x 10^^ 
5 Pa»sec. 

The obtained polymethylaluminoxane preparation was 
subjected to a storage stability test at 25''C for 90 days, and 
formation of gels and increase in viscosity were not observed. 

(2) Evaluation of ethylene polymerization 

250 mL of toluene was introduced into a 500-mL four-neck 
flask equipped with a magnetic stirrer, and heated to 34 °C. To 
this was added a solution of 0.16 g (by Al atom) of 
polymethylaluminoxane preparation in toluene, followed by 
dicyclopentadienylzirconium dichloride (CpaZrCla) so that the 
molar ratio of Al/Zr was 5000, and then ethylene gas was 
supplied while elevating the temperature to 40°C. After 10 
minutes, supply of ethylene gas was stopped, and the catalyst 
was inactivated by introduction of methanol. The generated 
polyethylene was filtered and dried. The polymerization 
activity was 69 x 10^ g-PE/mol-Zr#atm*hr . 

[Example 2] 

(1) Synthesis of polymethylaluminoxane preparation 
25 A polymethylaluminoxane preparation was synthesized in 
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the same manner as described in Example 1 except that the 
amount of benzoic acid added in powder form in Example 1 was 
changed so that the molar ratio between TMAL and oxygen atoms 
of benzoic acid was 1.30 : 1. The resultant solution was 
transparent liquid not including gels. An Al analysis 
conducted after collection of the reaction liquid showed a 
quantitative reaction yield based on the Al atoms. Al 
concentration of the obtained reaction mixture was 9.4 wt%. 
Me (TMAL) amount of the resultant polymethylaluminoxane 
preparation determined by the ^H-NMR was 18.3 mol%. Solution 
viscosity of the polymethylaluminoxane preparation measured by 
using an Ubbelohde viscometer was 1.93 x 10"^ Pa*sec. 

The obtained polymethylaluminoxane preparation was 
subjected to a storage stability test at 25°C for 90 days, and 
formation of gels and increase in viscosity were not observed. 

(2) Evaluation of ethylene polymerization 

Evaluation of polymerization was conducted in the same 
manner as described in Example 1. The polymerization activity 
was 72 X 10^ g-PE/mol-Zr«atm«hr . 

[Example 3] 

(1) Synthesis of polymethylaluminoxane preparation 

A polymethylaluminoxane preparation was synthesized in 
the same manner as described in Example 1 except that the 
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amount of benzoic acid added in powder form in Example 1 was 
changed so that the molar ratio between TMAL and oxygen atoms 
of benzoic acid was 1,40 : 1. The resultant solution was 
transparent liquid not including gels. An Al analysis 
5 conducted after collection of the reaction liquid showed a 
quantitative reaction yield based on the Al atoms. Al 
concentration of the obtained reaction mixture was 9.4 wt%. 
Me (TMAL) amount of the resultant polymethylaluminoxane 
preparation determined by the ^H-NMR was 22.6 mol%. Solution 
10 viscosity of the polymethylaluminoxane preparation measured by 
using an Ubbelohde viscometer was 1.60 x 10""^ Pa«sec. 

The obtained polymethylaluminoxane preparation was 
subjected to a storage stability test at 25°C for 90 days, and 
formation of gels and increase in viscosity were not observed. 

15 

(2) Evaluation of ethylene polymerization 

Evaluation of polymerization was conducted in the same 
manner as described in Example 1. The polymerization activity 
was 70.5 X 10^ g-PE/mol-Zr»atm#hr . 

20 

[Example 4] 

(1) Synthesis of polymethylaluminoxane preparation 

A polymethylaluminoxane preparation was synthesized in 
the same manner as described in Example 1 except that the 
25 amount of benzoic acid added in powder form in Example 1 was 
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changed so that the molar ratio between TIVLAL and oxygen atoms 
of benzoic acid was 1.33 : 1. The resultant solution was 
transparent liquid not including gels. An Al analysis 
conducted after collection of the reaction liquid showed a 
quantitative reaction yield based on the Al atoms. Al 
concentration of the obtained reaction mixture was 9.4 wt%. 
Me(TMAL) amount of the resultant polymethylaluminoxane 
preparation determined by the ^H-NMR was 20.2 mol%. Solution 
viscosity of the polymethylaluminoxane preparation measured by 
using an Ubbelohde viscometer was 1.83 x 10~^ Pa»sec. 

The obtained polymethylaluminoxane preparation was 
subjected to a storage stability test at 25°C for 90 days, and 
formation of gels and increase in viscosity were not observed. 

(2) Evaluation of ethylene polymerization 

Evaluation of polymerization was conducted in the same 
manner as described in Example 1. The polymerization activity 
was 70.5 X 10^ g-PE/mol-Zr»atm»hr . 

[Example 5] 

(1) Synthesis of polymethylaluminoxane preparation 

A polymethylaluminoxane preparation was synthesized in 
the same manner as described in Example 1 except that the 
amount of benzoic acid added in powder form in Example 1 was 
changed so that the molar ratio between TMAL and oxygen atoms 



of benzoic acid was 1.26 : 1. The resultant solution was 
transparent liquid not including gels. An Al analysis 
conducted after collection of the reaction liquid showed a 
quantitative reaction yield based on the Al atoms- Al 
concentration of the obtained reaction mixture was 9.3 wt%. 
Me(TMAL) amount of the resultant polymethylaluminoxane 
preparation determined by the ^H-NMR was 15.8 mol%. Solution 
viscosity of the polymethylaluminoxane preparation measured by 
using an Ubbelohde viscometer was 2.02 x 10"^ Pa^sec. 

The obtained polymethylaluminoxane preparation was 
subjected to a storage stability test at 25°C. Formation of 
gels and increase in viscosity were not observed by 80 days, 
however deposition of gels was observed after 80 days. 

(2) Evaluation of ethylene polymerization 

Evaluation of polymerization was conducted in the same 
manner as described in Example 1. The polymerization activity 
was 71.0 X 10^ g-PE/mol-Zr»atm«hr . 

[Comparative example 1] 

(1) Synthesis of polymethylaluminoxane preparation 

A polymethylaluminoxane preparation was synthesized in 
the same manner as described in Example 1 except that the 
amount of benzoic acid added in powder form in Example 1 was 
changed so that the molar ratio between TMAL and oxygen atoms 



of benzoic acid was 1.23 : 1. The resultant solution was 
transparent liquid not including gels. An Al analysis 
conducted after collection of the reaction liquid showed a 
quantitative reaction yield based on the Al atoms. Al 
5 concentration of the obtained reaction mixture was 9.2 wt%. 
Me(TMAL) amount of the resultant polymethylaluminoxane 
preparation determined by the ^H-NMR was 13.0 mol%. Solution 
viscosity of the polymethylaluminoxane preparation measured by 
using an Ubbelohde viscometer was 2.36 x 10~^ Pa«sec. 
10 The obtained polymethylaluminoxane preparation was 

subjected to a storage stability test at 25°C, and deposition 
of gels was observed after 7 days. 

[Comparative example 2] 

15 A polymethylaluminoxane preparation was synthesized in 

the same manner as described in Example 1 except that the 
amount of benzoic acid added in powder form in Example 1 was 
changed so that the molar ratio between TMAL and oxygen atoms 
of benzoic acid was 1.20 : 1. The resultant solution was 

20 transparent liquid not including gels. An Al analysis 

conducted after collection of the reaction liquid showed a 
quantitative reaction yield based on the Al atoms. Al 
concentration of the obtained reaction mixture was 9.3 wt%. 
Me (TMAL) amount of the resultant polymethylaluminoxane 

25 preparation determined by the ^H-NMR was 9.2 mol%. Solution 
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viscosity of the polymethylaluminoxane preparation measured by 
using an Ubbelohde viscometer was 2.7 6 x 10~^ Pa*sec. 

The obtained polymethylaluminoxane preparation was 
subjected to a storage stability test at 25°C, and deposition 
of gels was observed after 3 days. 

[Comparative example 3] 

(1) Addition of trimethylaluminum to polymethylaluminoxane 
preparation 

To 102. 5g (Al content: 345.5mmol, iyie(TMAL)= 13.0 mol%) of 
the polymethylaluminoxane preparation prepared in Comparative 
example 1, 6.1g (84.3mmol) of trimethylaluminum was added, and 
heated at 40 °C for 30 minutes. Me(TMAL) amount of the 
resultant polymethylaluminoxane preparation determined by the 
""■H-NMR was 19.8 mol%. Solution viscosity of the 
polymethylaluminoxane preparation measured by using an 
Ubbelohde viscometer was 2.15 x 10""^ Pa«sec. 

The obtained polymethylaluminoxane preparation was 
subjected to a storage stability test at 25*^C, and deposition 
of gels was observed after 14 days. 

[Comparative example 4] 

A polymethylaluminoxane preparation was synthesized in 
the same manner as described in Example 1 except that the 
amount of benzoic acid added in powder form in Example 1 was 
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changed so that the molar ratio between TMAL and oxygen atoms 
of benzoic acid was 1.45 : 1. The resultant solution was 
transparent liquid not including gels. An Al analysis 
conducted after collection of the reaction liquid showed a 
5 quantitative reaction yield based on the Al atoms. Al 

concentration of the obtained reaction mixture was 9.3 wt%. 
Me (TMAL) amount of the resultant polymethylaluminoxane 
preparation determined by the ^H-NMR was 27.8 mol% . Solution 
viscosity of the polymethylaluminoxane preparation measured by 
10 using an Ubbelohde viscometer was 1.46 x 10"" Pa*sec. 

The obtained polymethylaluminoxane preparation was 
subjected to a storage stability test at 25°C for 90 days, and 
formation of gels and increase in viscosity were not observed. 

15 (2) Evaluation of ethylene polymerization 

Evaluation of polymerization was conducted in the same 
manner as described in Example 1. The polymerization activity 
was as low as 51.0 x 10^ g-PE/mol-Zr#atm*hr . 

20 [Comparative example 5] 

(1) Synthesis of polymethylaluminoxane preparation 

To a 300-mL round bottomed flask with a stirrer chip 
therein, 40.85 g (0.34 mol) of acetophenone and 34.8 g of 
toluene were introduced and inside temperature of the solution 
25 was kept at 15°C. To this solution, 57. Og (TMAL 0.47mol) of 
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60wt% TMAL solution was slowly added from a dropping funnel. 
Then thermal maturation at 65 °C was conducted for one hour. At 
this time, the molar ratio between the introduced TMAL and 
oxygen atoms of acetophenone was 1.38 : 1. To this reaction 
5 mixture, 30. 3g (Al O.OSlmol) of polymethylaluminoxane (Al 
concentration: 7.21wt%) was added, and heated at eb^'C for 4 
hours, to obtain a solution of polymethylaluminoxane 
preparation in toluene. The obtained solution was transparent 
yellow liquid including no gels. An Al analysis conducted 

10 after collection of the reaction liquid showed a quantitative 
reaction yield based on the Al atoms. Al concentration of the 
obtained reaction mixture was 9.1 wt%. Me (TMAL) amount of the 
resultant polymethylaluminoxane preparation determined by the 
^H-NMR was 20.5 mol%. Solution viscosity of the 

15 polymethylaluminoxane preparation measured by using an 
Ubbelohde viscometer was 2.01 x 10""^ Pa«sec. 

The obtained polymethylaluminoxane preparation was 
subjected to a storage stability test at 25°C, and deposition 
of gels was observed after 7 days. 

20 

[Comparative example 6] 

(1) Synthesis of polymethylaluminoxane preparation 

A polymethylaluminoxane preparation was synthesized in 
the same manner as Comparative example 1 except that the 
25 amount of introduced acetophenone in Comparative example 1 was 



changed so that the molar ratio between TMAL and oxygen atoms 
of acetophenone was 1.34 : 1. The obtained solution was 
transparent pale yellow liquid including no gels. An Al 
analysis conducted after collection of the reaction liquid 
5 showed a quantitative reaction yield based on the Al atoms. Al 
concentration of the obtained reaction mixture was 9.3 wt%. 
Me (TMAL) amount of the resultant polymethylaluminoxane 
preparation determined by the ^H-NMR was 18.2 mol%. Solution 
viscosity of the polymethylaluminoxane preparation measured by 
10 using an Ubbelohde viscometer was 2.23 x 10"^ Pa«sec. 

The obtained polymethylaluminoxane preparation was 
subjected to a storage stability test at 25''C, and deposition 
of gels was observed after 4 days. 

15 [Comparative example 7] 

(1) Synthesis of polymethylaluminoxane preparation 

A polymethylaluminoxane preparation was synthesized in 
the same manner as Comparative example 5 except that the 
solution concentration was controlled so that the aluminum 

20 concentration of the obtained polymethylaluminoxane 

preparation was 7.5wt% in Comparative example 5. The obtained 
solution was transparent pale yellow liquid including no gels. 
An Al analysis conducted after collection of the reaction 
liquid showed a quantitative reaction yield based on the Al 

25 atoms. Al concentration of the obtained reaction mixture was 
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7.5 wt%. Me(TMAL) amount of the resultant 

polymethylaluminoxane preparation determined by the ^H-NMR was 
23.3 mol%. Solution viscosity of the polymethylaluminoxane 
preparation measured by using an Ubbelohde viscometer was 1.4 6 
5 X 10"^ Pa*sec. 

The obtained polymethylaluminoxane preparation was 
subjected to a storage stability test at 25°C, and deposition 
of gels was observed after 8 days. 

10 [Comparative example 8] 

(3) Evaluation of storage stability of polymethylaluminoxane 
preparation 

Evaluation was conducted in the same manner as Example 1 
except that a commercially available polymethylaluminoxane 

15 preparation was used in place of the polymethylaluminoxane 
preparation used in Example 1. Al concentration of the 
solution was 8.3 wt%. Me(TMAL) amount of the resultant 
polymethylaluminoxane preparation determined by the "''H-NMR was 
47.7 mol%. Solution viscosity of the polymethylaluminoxane 

20 preparation measured by using an Ubbelohde viscometer was 0.90 
X 10"^ Pa^sec. 

The obtained polymethylaluminoxane preparation was 
subjected to a storage stability test at 25°C, and deposition 
of gels was observed after 10 days. 
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[Comparative example 9] 

A polymethylaluminoxane preparation was synthesized in 
the same manner as Example 1 except that 3 mol% of the 
polymethylaluminoxane preparation generated in Example 1 was 
5 introduced to trimethylaluminum in thermal decomposition of 
the reaction product from trimethylaluminum and benzoic acid 
in Example 1. The obtained solution was transparent liquid 
including no gels. An Al analysis conducted after collection 
of the reaction liquid showed a quantitative reaction yield 

10 based on the Al atoms. Al concentration of the obtained 

reaction mixture was 9.4 wt%. Me(TMAL) amount of the resultant 
polymethylaluminoxane preparation determined by the ^H-NMR was 
22.2 mol%. Solution viscosity of the polymethylaluminoxane 
preparation measured by using an Ubbelohde viscometer was 1.83 

15 X 10"^ Pa*sec. 

The obtained polymethylaluminoxane preparation was 
subjected to a storage stability test at 25°C, and deposition 
of gels was observed after 30 days. 

20 [Comparative example 10] 

-A polymethylaluminoxane preparation was synthesized in 
the same manner as Example 1 except that benzophenone was used 
in place of benzoic acid used as an oxygen source in Example 1, 
and Al concentration was set to 6.3wt%. Formation of gels was 
25 observed in the obtained reaction solution. According to the 
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Al concentration of the obtained solution, the reaction yield 
based on the Al atoms was as low as 67%. 

Fig. 2 shows results of storage stability tests of 
polymethylaluminoxane preparations at 25 °C, in which the 
5 vertical axis represents viscosity of polymethylaluminoxane 
solution, and the horizontal axis represent days at which gel 
deposition was observed. The data plotted in this graph are of 
Examples 1 to 5 and Comparative examples 1 to 3 for 
convenience of comparison. This graph shows the specificity of 

10 storage stability of polymethylaluminoxane preparation such 

that there is a critical point when the solution viscosity is 
considered as a parameter. 

The polymethylaluminoxane preparation of the present 
invention is easy to handle because of low solution viscosity, 

15 and keeps the stability for a long term without necessity of 
refrigeration storage. An olefin polymerization catalyst 
prepared by combining the polymethylaluminoxane preparation 
and a transition metal compound exhibits high polymerization 
activity and stable activity. Therefore, polymethylaluminoxane 

20 preparation of the present invention is useful as a promoter 
for polymerization of polyolefin. 
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